A central goal of the Academy of Breastfeeding Medicine is the development of clinical protocols for managing common medical problems that may impact breastfeeding success. These protocols serve only as guidelines for the care of breastfeeding mothers and infants and do not delineate an exclusive course of treatment or serve as standards of medical care. Variations in treatment may be appropriate according to the needs of an individual patient.
Introduction

B
reastfeeding women may be required to undergo diagnostic imaging and/or nuclear medicine procedures at any point during lactation. Many women report being incorrectly instructed to discard (''pump and dump'') their breast milk or stop breastfeeding after procedures. We seek to provide guidelines and recommendations regarding the safety of common imaging and nuclear medicine procedures performed during lactation. Although the vast majority of circumstances do not require interruption of breastfeeding, certain exceptions do exist and will be reviewed. A summary of recommendations is provided in Table 1 .
It should be noted that breastfeeding mothers involved in the care of patients undergoing nuclear medicine procedures and/or imaging studies and procedures should take standard precautions. However, due to the fact that these health care workers are not directly ingesting, inhaling, or receiving intravenous radiopharmaceuticals and/or contrast, no interruption in breastfeeding is required. Should a mother have an unexpected exposure, the institutional Radiology Safety Officer (RSO) should be contacted. Other sources for recommendations regarding unintended health care exposures include MotherToBaby.org and Infantrisk.com
Recommendations
Breast imaging
Several organizations, including the American College of Radiology (ACR), have made recommendations regarding breast imaging in pregnant and lactating women. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Screening. The ACR states that initiation or continuation of screening mammography should be considered dependent on the patient's individual risk and expected duration of lactation. This includes average risk women of age ‡40 years as well as some intermediate-to high-risk women of age <40 years.
There is no contraindication to obtaining a mammogram during lactation. Nursing or expressing milk before mammography is recommended to decrease parenchymal density, thereby improving the sensitivity of mammography. Ultrasound may also be used as a supplemental screening modality in conjunction with mammography. The physiologic increased vascularity caused by lactation results in marked increase in background parenchymal enhancement of the breast on magnetic resonance imaging (MRI). For highrisk women breastfeeding for short periods of time, MRI should be performed 3 months after cessation of lactation. For high-risk women who plan to breastfeed for longer periods of time, MRI may be considered in addition to mammography for screening.
Diagnostic. Diagnostic breast imaging during lactation is the same as that for nonlactating women. For diagnostic evaluation of an area of palpable concern or persistent bloody nipple discharge, ultrasound is often the initial imaging modality. If ultrasound is either negative or demonstrates suspicious findings, additional imaging with mammography may be indicated.
Noncontrast enhanced radiographic imaging
The radiation associated with image acquisition in radiography has no effect on the breast milk itself. This includes plain film radiography, fluoroscopy, mammography, and computed tomography (CT). Do not interrupt breastfeeding for any of these procedures.
Nonvascular administration of iodinated contrast
When iodinated contrast is administered through nonvascular routes, systemic absorption of these contrast agents is low and has few known adverse reactions. However, there are reports of anaphylactoid-like reactions with these agents, so some degree of systemic absorption can occur. With enteral administration (e.g., oral or rectal), excretion is through the fecal route and is dependent on bowel transit time. Intracavity (e.g., hysterosalpingography) or intravesical (e.g., cystography) administration may result in small amounts being absorbed and excreted through the kidneys; however, most contrast drains from the cavity after the conclusion of the procedure. There is a paucity of information regarding concentration of nonvascularly administered contrast agents in breast milk and guidelines on breastfeeding after such procedures are not available. 12, 13 However, based on very low systemic absorption rates and known low excretion of intravenously administered contrast into breast milk, we do not recommend routine interruption of breastfeeding for these types of procedures.
CT with iodinated intravenous contrast
CT uses a form of intravenous contrast containing highly bound iodine that helps visualize vascular structures and organs. Less than 1% of the administered maternal dose is excreted into the breast milk, 14, 15 and <1% of the contrast ingested by the child is absorbed by the gastrointestinal (GI) tract. 16 Therefore, the systemic dose to the child is <0.01% of the intravenous dose given to the mother. The ACR states in its published manual on contrast media that it is safe for the mother to continue breastfeeding after the administration of intravenous iodinated contrast. 12 This recommendation is based on multiple studies that have demonstrated the safety and efficacy of iodinated contrast in the breastfeeding patient. [14] [15] [16] [17] [18] The taste of the breast milk may be altered slightly after administration of intravenous iodinated contrast, but it is not harmful to the breastfeeding child.
MRI with gadolinium-based intravenous contrast
Gadolinium is a heavy metal incorporated into intravenous contrast agents to enhance vascular structures and organs during MRI. Less than 0.04% of the administered maternal dose is excreted into the breast milk, 17, 19, 20 and <1% of the contrast ingested by the child is absorbed from the CT, computed tomography; MRI, magnetic resonance imaging; MUGA, multigated acquisition scan; Tc-99m MAA, technetium-99m macroaggregated albumin; PET, positron emission tomography; Tc-99m MAG3, technetium-99m mertiatide; Tc-99m DMSA, technetium99m succimer; VQ, ventilation-perfusion.
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GI tract. 20, 21 Therefore, the systemic dosage to the child is <0.0004% of the intravenous dose given to the mother. The ACR states in its published manual on contrast media that it is safe for the mother to continue breastfeeding after the administration of intravenous gadolinium-based contrast. 12 This recommendation is based on numerous studies that have shown the safety of gadolinium-based contrast in the breastfeeding patient. [15] [16] [17] [18] [19] [20] [21] The taste of the breast milk may be altered slightly after intravenous gadolinium-based contrast, but it is not harmful to the breastfeeding child.
Nuclear medicine imaging
Nuclear medicine imaging involves the use of radioactive materials called radionuclides or radiopharmaceuticals to produce functional imaging of the body. Depending on the study, these materials may be inhaled, injected intravenously, or ingested orally. Images are then obtained to document sites of accumulation within the body.
When advising the breastfeeding patient, consideration must be given to the fact that a child may be exposed to radiation through two routes. The most common route of exposure is radioactivity within the ingested milk itself. The other possible route to consider is external exposure while in proximity to the mother. This second situation occurs when metabolically active lactating breast tissue concentrates the administered radioactivity. This second route of exposure is only a concern with fludeoxyglucose-F18 (FDG), the agent used for positron emission tomography (PET). The other agents discussed do not accumulate within active breast tissue. 22 The risks involved with specific agents are discussed hereunder.
Estimated radiation doses to the child from ingested radioactivity have been reported for the most common radiopharmaceuticals used in diagnostic nuclear medicine. As a general rule, no interruption of breastfeeding is required for radiation doses <100 mrem (1 mSV). 23 Both the Nuclear Regulatory Commission (NRC) and International Commission on Radiological Protection (ICRP) have published guidelines for the most commonly used radiopharmaceuticals. Note that recommendations for some agents differ between the NRC and ICRP, and the International Atomic Energy Agency (IAEA) recommends an interruption of breastfeeding for four hours or one feeding to account for any external radiation and free Tc99m pertechnetate in the product.
22-31
Positron emission tomography. PET is one of the most commonly ordered nuclear medicine studies and is often used in cancer diagnosis and staging. FDG is chemically similar to glucose, but with the positron-emitting radionuclide fluorine-18 substituted on the molecule allowing identification of metabolically active lesions in the body.
FDG is not excreted into breast milk. Contact between the mother and child, however, should be limited for 12 hours after the injection of FDG due to radioactivity concentrated within the breast tissue itself. Milk can be expressed and safely given to the child during this time. The milk does not need to be discarded.
Bone scan. Bone scans can be used to detect osseous metastatic disease and most commonly use technetium 99m-medronate (Tc-99m MDP). Very little Tc-99m MDP is excreted into breast milk. No interruption in breastfeeding is required.
Thyroid imaging. There are three radionuclides used in nuclear thyroid imaging: 1-131, I-123, and pertechnetate Tc 99m. I-131 is most commonly used for the treatment of thyroid cancer or Graves' disease. Although it is sometimes used to assess metastases in the setting of thyroid cancer, I-131 is generally not used for routine thyroid imaging due to its high principle gamma energy (364 keV), high beta emission (resulting in large dose to the thyroid), and long half-life (8.04 days). Use of I-131 requires complete cessation of breastfeeding this child. It is recommended that breastfeeding is stopped at least 4 weeks before receiving a therapeutic dose of I-131. This reduces radiation dose to the breast and reduces the risk of contaminating clothing with milk leakage of radioactive iodine. 32 I-123 and pertechnetate Tc 99m are the preferred radionuclides for routine thyroid imaging. I-123 results in a lower dose to the thyroid than I-131 and also has a shorter halflife than I-131 (13 hours versus 8 days). Recommendations with regard to breastfeeding after I-123 administration vary. Some sources cite no interruption required, whereas others recommend up to 3 weeks interruption. We recommend discussion with your local nuclear medicine physician regarding approach to individual patients, as the previous concern for I-124 contamination has likely been resolved. 32 In addition, milk can be measured for radioactivity before being given to the child. 33 Technetium-99m pertechnetate has a short half-life (6 hours) but higher background levels than radioiodine. It is the preferred agent when the patient has recently received thyroid-blocking agents (such as iodinated contrast media). Breastfeeding recommendations regarding Tc-99m pertechnetate depend on the dose administered, as it does have higher concentrations in breast milk than other radiopharmaceuticals. 34 Owing to potential for differences in radiopharmaceutical production, the length of interruption recommended ranges from 12 to 24 hours, and may be as short as 4 hours for 185 Mbq (5 mCi). 23 The milk expressed can be stored refrigerated and given to the infant after 10 physical half-lives, or about *60 hours, have elapsed. 34 Renal imaging. There are four radiopharmaceuticals that are commonly used in renal imaging. Technetium-99m pentetate (Tc-99m DTPA) is used to evaluate glomerular filtration rate (GFR). Technetium-99m mertiatide (Tc-99m MAG3) is used to estimate effective renal plasma flow. Technetium-99m succimer (Tc-99m DMSA) is used to evaluate the renal cortex. Technetium Tc-99m glucoheptonate allows assessment of renal perfusion, renal collecting system/ureters, and renal cortex. No interruption in breastfeeding is required for any of these agents because their free pertechnetate is negligible.
Cardiac imaging. The two most common aspects of cardiac function that may need to be evaluated in the lactating patient include evaluation of myocardial perfusion and assessment of left ventricular function.
A ''stress test'' is the study used for the evaluation of myocardial perfusion. Stress tests were initially obtained using thallium-201. This radionuclide has since been largely replaced by Tc-99m sestamibi and Tc-99m tetrofosmin. These newer radiopharmaceuticals are now preferred for assessing myocardial perfusion. No interruption in breastfeeding is 292 ABM PROTOCOL required when Tc-99m sestamibi or Tc-99m tetrofosmin is used, because lower doses of these Tc-99m compounds are excreted into breast milk. 34, 35 The recommendations for thalium vary from a 48-hour to 3-week interruption period. We recommend discussion with your local nuclear medicine physician regarding the approach to individual patients, and consider testing breast milk for radioactivity. 23 A multigated acquisition scan (MUGA) can be used to assess left ventricular ejection fraction, and technetium-99m pertechnetate is the radionuclide used to label autologous RBCs for this test. The recommendations for MUGA depend on whether in vivo or in vitro labeling of the RBCs was performed. No breastfeeding interruption is required for in vitro labeling, which occurs outside of the patient. However, a 6-12-hour interruption is recommended for in vivo labeling, as Tc-99m pertechnetate is directly injected into the patient using this protocol. The milk expressed can be stored, refrigerated, and given to the infant after 10 physical half-lives, or *60 hours, have elapsed. 34 In breastfeeding patients, an echocardiogram should be strongly considered as an alternative to MUGA, because it is not associated with any radiation.
Ventilation-perfusion scan. A ventilation-perfusion (VQ) scan can be used to evaluate for pulmonary embolism in patients with iodinated contrast allergy or renal insufficiency. Imaging of both perfusion and ventilation is obtained. A mismatched defect in perfusion imaging can indicate the presence of a pulmonary embolism. The perfusion agent used is technetium-99m macroaggregated albumin (Tc-99m MAA). The ventilation agents include Tc-99m DTPA and xenon-133.
For Tc-99m MAA, 12-hour interruption is recommended. Although no interruption is required for the ventilation agents Tc-99m DTPA or xenon gas, a 12-hour interruption is recommended for all VQ scans because these agents are always used in conjunction with the perfusion agent Tc-99m MAA. 34, 36, 37 During interruption, patients should express breast milk every 3-4 hours for 10-15 minutes or until minimal milk flows. The milk expressed can be stored refrigerated and given to the infant after 10 physical half-lives, or *60 hours, have elapsed. 34, [38] [39] [40] It should be noted that CT angiography is the preferred imaging modality for the evaluation of suspected pulmonary embolism in all patients without contraindication to iodinated contrast. In the setting of contrast allergy or renal insufficiency (GFR <30), VQ scan can be performed with the already noted guidelines regarding interruption for Tc-99m MAA.
Recommendations for Future Research
The safety of intravenous contrast agents and commonly used radionuclides has been well studied. As new agents are introduced, further research will need to be performed.
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